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{Received 6th October 1967, accepted 22nd April 1968) Summary. Forty-three males were divided into three experimental groups and ligatures placed unilaterally as follows: (1) on the ductus deferens, (2) on the ductus deferens and corpus epididymidis, and (3) on the ductus deferens, corpus epididymidis and ductuli efferentes. Semen was collected six times a week from all males before ligation and for as long as 12 weeks thereafter.
Spermatozoa transported normally from the caput to the cauda epididymidis in non-ligated controls were characterized by rapid migration of the protoplasmic droplets, a decrease in swollen acrosomes and other abnormalities, an increase in the percentage of motile cells and a striking increase in fertility. Ligation of the ductus deferens only had little effect upon any of these changes. Also, considerable motility and fertility was maintained for 12 weeks following single ligation in contrast to a reduction after 4 weeks in the group with the isolated cauda epididymidis. This suggests that considerable mixing of spermatozoa normally can occur in the cauda. The proportion of abnormal forms, particularly decapitated spermatozoa, increased considerably in the isolated cauda by 8 weeks.
In the isolated caput abnormal spermatozoa increased rapidly and motility decreased. The protoplasmic droplet movement was delayed, as 54% had droplets on the midpiece after 4 weeks in contrast with 16% on spermatozoa which migrated normally to the cauda. Severe degeneration and disappearance of spermatozoa followed after 4 weeks, indicating that the caput may have dissolution properties.
Litter size, based on all does inseminated, averaged only 0\m=.\5for caput spermatozoa compared with 5\m=.\0for both caudal and ejaculated spermatozoa. The morphological and fertility data indicate that extrinsic factors as well as intrinsic ones are required for complete development of the fertilizing capacity of rabbit spermatozoa.
INTRODUCTION
Spermatozoa undergo numerous maturation changes as they migrate through the epididymis. Young (1931) concluded that this maturation was a temporal 126 S. K. Paüfler and R. H. Foote phenomenon in the guinea-pig. However, Redenz (1924) considered epididymal secretions to be of major importance. In the rabbit, Bedford (1963 Bedford ( , 1966 reported that as the spermatozoa move from the caput to the cauda epi¬ didymidis, (a) the length and width of the acrosome decreases, (b) the proto¬ plasmic droplet migrates and often is missing from the spermatozoan tail, and (c) fertility of the spermatozoa is developed. Glover (1962) observed a change in permeability to eosin during transit of epididymal spermatozoa. These changes are generally similar to those reported for the bull and several other species (Branton & Salisbury, 1947; Nicander, 1958; Amann & Almquist, 1962) . The extent to which these changes depend upon intrinsic and extrinsic factors is not clearly understood.
Studies by Glover (1960 Glover ( , 1962 and Gaddum & Glover (1965) , in which rabbit spermatozoa were retained in the caput or corpus epididymidis by means of ligatures, suggested that maturation could take place without the normal migration. In similar experiments, Fulka & Koefoed-Johnsen (1966) confirmed several of the morphological changes observed by Gaddum & Glover (1965) (Gaddum & Glover, 1965; Fulka & Koe¬ foed-Johnsen, 1966) , and many represent immature forms (Bedford, 1963) undergoing maturation as spermatozoa pass through the epididymis.
Motility of the spermatozoa in the caput throughout the experiment and in the ductus deferens after 12 weeks was significantly lower (P<0-01) than for caudal or ejaculated spermatozoa. Little change within the caput was noted as spermatozoa probably migrated normally to the cauda. Accumulation in the cauda resulted in a slight decline in motility after 12 weeks (P<0-05).
Fertility of spermatozoa recovered from the caput after all periods was extremely low with twenty-five does producing a total of six young ( Considerable enlargement and oedema of the caput was noted initially, similar to that described by Gaddum & Glover (1965 Table 3 .
The most striking change in protoplasmic droplet position was the migration of the droplet from the neck (PI. 1, Fig. 5 Motility of spermatozoa in the caput was essentially zero after 4 weeks and was zero in the cauda after 8 weeks (Table 3) .
DISCUSSION
The combined data from the three experiments show that spermatozoa re¬ covered from the control cauda epididymidis (Week 0 in Tables 1, 2 and 3) were similar to ejaculated spermatozoa in position of the protoplasmic droplet, % abnormals, % motility and fertility, despite some significant differences sum¬ marized in Table 4 . However, caput and proximal corpus spermatozoa had many more protoplasmic droplets CP<0O1), particularly on the neck and midpiece, as reported by others (Amann & Almquist, 1962; Bedford, 1963; Gaddum & Glover, 1965; Orgebin-Crist, 1967a) . The 28% head cap abnor¬ malities noted in the caput were primarily swollen acrosomes as reported previously (Bedford, 1963; Gaddum & Glover, 1965) . Since relatively few swollen acrosomes were found in the cauda, this change, along with the migra¬ tion of protoplasmic droplets, appears to be a component of maturation in the rabbit. The very low fertility of the spermatozoa in the caput and proximal portion of the corpus is in agreement with other work in the rabbit (Bedford, 1965b (Bedford, , 1966 Fulka & Koefoed-Johnsen, 1966; Orgebin-Crist 1967a, b) . It is in contrast to the 33% pregnancies obtained in guinea-pigs with caput spermatozoa (Young, 1931) .
In order to determine whether or not spermatozoa retained in any segment could mature with time alone, spermatozoa in the ligated epididymides were examined after periods from 1 to 12 weeks. Any changes occurring at the same rate as when spermatozoa migrate normally could be seen after 1 week (Amann et al., 1965; Orgebin-Crist, 1965; Swierstra & Foote, 1965) (Nicander, 1958; Orgebin-Crist, 1967a) and than reported by Gaddum & Glover (1965) following ligation. The failure of spermatozoa to lose their droplets during a 4-week retention period in the caput (Table 3) may be associated with the inability of these spermatozoa to become fully fertile. However, enough lost the droplets to effect fertilization based on the numbers inseminated. After 4 weeks spermatozoa had degenerated (Plate 1, (Orgebin-Crist, 1967a) . In the present experiments sperm suspensions always were treated with antibiotics and placed in the anterior vagina. One possible explanation for the difference is that sus¬ pensions of epididymal spermatozoa might contain material that could cause irritation when placed directly into the uterus, thus increasing the pre-implanta¬ tion losses.
These data indicate that both intrinsic and extrinsic factors are required for rabbit spermatozoa to become fully fertile in the epididymis. Once this state has been reached spermatozoa retain this capacity in the cauda epididymidis for several weeks.
